
1 0 



^^^^-^ ~T--p-^-^on relates a mecncc or 
Tne present ^nve..-^u.. 

preparing a remrorcea po.y..er ..a.-^^g 
orocercres . 



Background Art 



-J -s 



Piastres usage m the automotive mdustr; 
steadily increasing due Co cneir .ig..^ ..e-g.- 
.oncinual improvements m mechanical properties, 
currently, pol-ymer abased materials may comprise at least 
15 percent o£ a given vehicle's weight. These materials 

various automotive components, e.g., interior 

Ind exterior trim and side panels. As pressures to 
improve fuel economy continue, more steel and alum.inum 
parts may be targeted £cr replacem.ent by pol^er-based 
materials. Thus, improvements in the mechanical 
properties of polymers are necessary in order to m.eet 
mo-"e stringent performance requirements. Mechanical 
properties of a polymer include stiffness, dimensiona. 
stability, modulus, heat deflection temperature, barrier 
;;-operties, and rust and dent resistance, to name a re., 
improved mechanical properties may reduce manufacturing 
costs by reducing the part thickness and weight oi tne 

r-^r^-'f^f^^r'---^^ time thereor . 
manufactured part and tne rr.ant..ac --9 

There are a nu:ri)er of ways to improve tne 
mechanical properties of a pol,nr,er, including 
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,..e" More ST^ec . f r cal ly , polymer- s i li ca::e 
^^nanocomposi L^e . .^^^ ^ , , 

nanc c orrpo sines £ 

oartrcles of a . ■ ^ or a --ermose 

;.a- are dispersed into a ther.op.asc.c or - 

-; V. mechanicax propt^-^-^ 
matrix. The xmpxu ^ ^ sucn 

■= r^nP to a combination of tccto.^, 
nanocomposites is due to a particles. 

• -oh aspect ratio and surface area of -ne pa 
as nigh aspecu ...^.^^ oroaucmg 

Typically, two steps are .n.o..ea . ^ ^^^^^ 
r.nl'./-^.er nanocomposites. i-^e - 
.e.n.oroed --f^ J^/ roondr-.ronrn. or prepare, ..e 

::: r/i r::o.pa.r..e ...^ ^ ^e...... po..™r. 

' ■ «ep is performed because the clay is 

The conditioning step is pe i„erest 
generally hydrophilic and many poi,..e. 
are hydrophobic, thus rendering the two re.ative.y 

incompatible. ^^^^ „j ^^acks 

in its natural state, c y ^ 
rndividual particles held together by loni r^ ■ 
,,,i„„ exchange may be performed to — ; / ^„ 
^.curring inorganic cation ^^^J^ZZ^^^^^ 
addition, this attractive 
.pacing between each P« ^ ^ 

,„,ces between them. Tnis^ ..i^er i za t ion 

compatible with tne poiy».= . - - 

or compounding. This preparatory step 

j,^ oj. f ^o^ion exchange is 

^^r-h;^nae" Generally, cation 
^^cation exchange . ^^^^^^^^^^^ ^^^^^^ 

performed with a ^ an al.yl 

solution wherein an organic 
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a— on-^- sal-, is dissolvec 
clay par-Lcles. me reaco^ 
exchange cakes p^ace, z 
and are chen dried. 

^..-..^er, a n.onoxer n.a, >^e 

Zepenamg on ^^^^ 

^ .^^o c^ay Galleries. ^ne 

^.-^^>pv- ^ nterca-^aoea ^n^o ...e c^c^j . 

.o...ea - -en^.e.av .o.^^.. ^^^^ 

^ , one Cj-ay — ^-^^ ^ 

corrLTOuunax..'::^ ^ -v^^^ 

n-.ab^e ^a-er.al, or pol,^,erizxng monomers 

^y-pop-nce oi one luu^^- 

and Che .el. co^pouad.ng step involve ■.no.^ 
..ep and c-.e ^ ^^^^ p„t.cles disperse ana 

processing conditions 

exfoUate in the pol>ir,er. ^..ec-ivp m 

,.hi^^- tbis strategy is effec.i^e 
However, v.ni-e i-.-±=> 

1 <:iffnT-i-s to extena tne 
^T^r s-stems such as nylon, ef torts 
more polai SjSLeius 

.ec.nolo.v .o e«.e.eXv non-pola. po.^e.. . - 

,...o.e.n. .ave .e. .... --^yj-iylpl^.^e. 
attempts at generating polyole£in base 

^r.iA/ bv use or la^gti 
have been partially succe..... ^ 

we--s Not only is this 
amounts of ^^^^'^^-^^^ .aspersion and 

prohibitively eompatibilizers comes 

exfoliation gamed with the use 

the expense of matrix stiffness, since the 

I-brii-^ers are themselves of low molecular weight, 
compatibili^ers ar 

Additionally, because of the hign 

r^i^^Mcs uniform dispersion of 
^scositY of many thermoplastics, 

iscosity u .'f^^rult on the other 

r.;T-.:r :rr-".r;::..».. - 

' . .... .......lation of monomers and 

polymerized m si.^, 

exfoliation of silicate layers is .ess 
3..U pol^erization of polyolefms, however, ^s p. 
by sensitive and unstable catalysts. 
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SUI-C-IARY OF .HE ^- 

.s an ob:ect of the present 

...e ar W.oroved system and rp.etnoG o^ 
invention to proviae an -.p ..-c^^g reinforced 

. ip..ered silicate for proa^c.^g 
delammating a la.ere properties, 
pol-.nners having impro.ea mec.a ^^^^^^^^ 
The present invention also pro. ^ 
preparing a ^e^nforced polymer .ne. 

.ethod includes providing ^^^^^t. ...^ng .ne 

---^ -^^^^^^ ::::icrer: : oi-^er to for. . 

layered sil.cate particles ^^^^^^ 
.rea«..e ..Ucate-polv^er --^^ ^^^^ 

---- -t:":: z - — 

supercritical fluia ana . ^ exfoliate the 

— — '-;;rr::r: -ere. parade. 

the reinforced polymer. „,c.vides an improved 

The present invention also pro , , ^ ^ 

, , The reinforced polymer includes a 
reinforced poller. The r 

p„l,™er .ixed with a layered silic ^^^^^^^^ 
l..ers e.foUated - .ithm 

1 avers are substanti^ixxj^ • 

ovide reinforcement thereto, 
the polymer to provide re^n 



DESC"^I^TIC'\ OF THE D?J-^Vri-\GS 

Figure 1 is a flov;chart depiccmg one rr.e^noa or 
oreC'armg a reinforced polyTr.er; and 

Figure 2 is a cross-secr ional viev; or 
conceptual irr^ages of the untreated silicate particles m 
a polv^.er and dispersed silicate particles exfoliated 
throughout a polyTr.er in accordance v;ith the present 
invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT ( S ) 

Figure 1 depicts in 110 one method of preparing 
a reinforced polymer in accordance with the present 
invention. The method includes providing a layered 
silicate having layered particles or platelets, a 
polymer, and a supercritical fluid in box 112. In this 
embodiment, the layered silicate is a layered silicate 
clay called montmorillonite , a hydrophilic mineral, 
having a layered platey structure. The silicate has 
layered individual particles with thicknesses of about 
one nanometer and diameters of about 5 0 to more than 2 0 00 
nanometers. The polymer may be any suitable 
thermoplastic, such as a polyolefin. In this embodiment, 
the polymer is polypropylene. 

In this embodiment, the supercritical fluid is 
preferably carbon dioxide which can exist as a fluid 
having properties of both a liquid and a gas v/hen above 
Its critical temperature and critical pressure. As 
known, carbon dioxide at its supercritical conditions has 
both a gaseous property of being able to penetrate 
through many materials and a liquid property of being 
able to dissolve materials into their components. As 
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K-^o— if a subs-ar.ce is r.ea.ec ^-^ 

_ ,„.,^es irr.cossible zo 
i-s critical -em.peracure, 

......^ ^^«««u-e. ■.-.-hen pressure is app-iec. zo 

_iGuer/ i'- _ _ 

chis systerr,, a single phase forr.s -ha. 

physicocher.ical proper-ies. ----- s — \ ,., _ ^..--^a" 
a supercriiica a ...^ -s - ^ 

^^-q r^-^'cal pressure. ^^^^ ij-^^ 

nemperacure ana . 

,,,.ev. solvating properc.e= >,h.=h have gas and .-g-- 
characte....xc. w.thouc actually changing che.aca. 
s„u«ure. By proper control o£ pressure and _ 
,e.peracure, a s.gnUrcan. range of phys.cocne.rca 

. r^if^lectric constants, 

nronerties (density, diftusivity, dxeiec.r 

propertie .,,thout ever passing through a 

viscosity) can be accessea ^ithDut ^ ^. . _ 

a changing from gas to iiquia ro.-u. 
phase boundary, e.g., chang completed 
The method shown in Figure 1 ma, be comp 
ith the use of a nun^er of apparatus known m the art, 
h a .i.er, e.truder, m.ection moidmg machine or 
^ . . ..r^able of loading material 

any other suitable apy^^i-.^^ - . ^ 

such as Clay, pol.^er and supercritical fluid and 
capable of maintaining a constant pressure onto 
^ . , in this embodiment, the apparatus used 

loaded material. In tnis ei 

1 ■ ^ ^ -oT-pdetermined amount ot 
IS an extruder which applies a predeter 

p.essure to the e«ruda.e or „a.erral .e.ng e.«udea^ 

- e«ru.er rnclude. rrol-.r ri-.er and 

second hoppers, connected thereto 

clay, respectively . The source of superc 

„ay be any conventronal flurd source sucn as gas 

.....^^^r. ^hA fluid of choice. 
,,,,„.er ,s disposed 

- the frrst hopper rn order to .e loaaed ,nto the 

,,„„der. The layered siUcate rs a.so ^^^^^ 
,he second hopPer in order to load the srlrcate r..to -.-e 



extruder. As shov.T: m box 114, the r^.ethod includes 
n^ixrng the layered silicate ;vith the pol^tner to for::; a 
treataole silicate-polyrr.er n^.ixture. This is accomplished 
by loading the silicate and the poly-er substantial li' 
:: s irr.u^ t aneous tnrough the respective hoppers mtO' the 
extruder to allow the silicate-pol;yTr,er rr.ixture to be 
extruded together therethrough. The extruder is neated 
so that the silicate-polymer mixture is a flov/able melt. 

Then , as shovv^ in box 116, the method inc ludes 

10 contacting the treatable silicate-polymer mixture with 
the supercritical fluid to define a contacted silicate- 
polymer mixture. This may be accomplished by injecting 
the supercritical fluid into the extruder while in the 
process of extruding the contacted silicate-polymer 

15 mixture. This step of contacting includes pressurizing 

the silicate-polymer mixture with the supercritical fluid 
to above about 1100 pounds per square inch gauge and 
heating the silicate-polymer mixture and the 
supercritical fluid to above the greater of the melting 

2 0 point of the polymer and the critical temperature of the 

supercritical fluid . In this embodiment , the melting 
temperature of polypropylene is about 155 degrees Celsius 
and the supercritical temperature of carbon dioxide is 
about 31 degree Celsius. Thus, in this en±)odiment, the 
25 step of contacting includes heating the silicate-polymer 
mixture to above about 165 degrees Celsius. However, it 
is to be noted that these conditions may change with 
different supercritical fluids and polymers used. Thus, 
other conditions may apply for other embodiments of the 

3 0 present invention. 

Pressurizing and heating the silicate-pol^yqr.er 
mixture with the supercritical fluid may be accomplished 
by any conventional means. In this embodiment, the 
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r.ix-ure is pressurized by regula-ir.g the ex-usior. 

oressure p^acea upon zr.B ...^x.^-e ^.^^ - ^ 

orccess and by regulating -ne supercritical fluia oemg 

^ ^^^o -'-^ — de- --o"^ Its source. The rr.ixture 
m^ectea into w^^e ex^^-^ue^ ^^o... 

hea-ed by conventional rr.eans . Contacting tne rr.ixture 
■vich the supercritical fluid further includes n:aintaining 
contact between the mixture and the fluid and shearing 
during the residence time or plasticizing time whicn may 
be between about 0.5 minute and IC hours. As knov.t., 
shearing of a mixture, such as the mixture of the present 
invention, is accomplished during extrusion of the 
mixture through the extruder. 

The method further includes catastrophically or 
immediately depressurizmg the contacted mixture to 
exfoliate silicate particles such that the particies are 
substantially dispersed, to define a treated silicate- 
polym.er mixture. The step of depressurizmg includes 
immediately depressurizing the extrudate down to ancient 
conditions. This may be accom.plished when the extrudate 
exits the extruder, at which time the pressure drops to 
ambient. In this embodiment, as depressurizing occurs, 
heating is stopped, thus lowering temperature of the 
extrudate. As immediate depressuri zation occurs, the 
silicate-polymer mixture includes silicate particles 
which are substantially singly dispersed apart from each 
ther within the polymer to define the reinforced 
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Although not wanting to be limited to any 



.V,.,.... nt is believed that the polymer melt 
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lis due to contact with the supercritical fluid, 
lowering the melt viscosity. The decreased viscosity 

HOWS the silicate particles to become intercalated by 
the supercritical fluid, resulting m exfoliation and 
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^artiicles. r ur ^her exf olianon 
occurs during depressuriza^ion . ThuS; a su^'Srama-^i/ 

3"Q@>^30Q arr.Quiii created si rcaie oar"!ii.c — es 

result v;ichrn the polymer. 

As a result, the reinforced pol;^Tner is forrr.ea 
having dispersed silicate particles 7;i:ihin the po^itT.er. 
The particles have high surface area contact with tne 
silicate particles. The reinforced pol:y^er includes 
between about j.l and 40 percent by weight of 
montmorillonite clay. Morever, the montmor i 1 loni t e clay 
mixed in the reinforced polymer has a relatively 
substantial surface area to weight ratio. It is believed 
that the high surface area can substantially reinforce 
the polymer by an increase in interfacial interactions 
while having negligible added weight. it has been found 
that the reinforced pol^mier with the above-mentioned 
montmorillonite clay weight to surface area ratio and 
weight percent provides substantially increased 
mechanical properties at a lower manufacturing time and 
20 cost. 

Figure 2 depicts a conceptual image of layered 
silicate particles within a polymer prior to exfoliation 
and after exfoliation. As shown, the clay includes 
particles or platelets 214, 216, 218 with affinity 

25 therebetween within polymer 212. After depressuri zat ion , 
Figure 2 shows exfoliated particles or platelets within a 
polymer 212. As shown, exfoliation of the silicate 
particles provides greater surface area about the 
particles such that the silicate particles may impart 

3 0 more reinforcement to the polymer. 

In use, the reinforced polymer miade in 
accordance with the present invention may be applied to 
form interior and exterior parts of a vehicle, e.g., 
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, _.„„a^e-s vrh-e requiring less we.gh^ 
^''o-cal'veh.cle par. made by pr.or arc .echno^ogy^ ^^^^^^ 

- ^ ^ ^p^c^i=^r-^ ^ .t;^^- — ---- 

, , ^^^^r^-r Chan previous pa 

^^^v- — p^^^anica^ ^>^Oj^f 

,,Ue prov.d.n, --he Ba:..e o. ce-.=- ...e-- _^ _ 

.,...,„ra-v, due .o -e d.xer.s.cr.ai :ea--.-es o. - 

enhanced, p.ov.a.n, .nc.eased .e....ance = pe ^^^^^ 
...3 P.ov.des Che capah....V o. 

bar-ier products, e.g., --^x 
poiyt^ers as dcx^^^ 

-vam ples 

o nf orced 
E««le 1 a -""^"^ °' P"^"^"^ " ! 
. , ,.,3 example, the method provxdes for 

po.ymer. - - — - silicate, 
.,ontmor.llon.te olav a. th ■ ^^^^^^^ 

polypropylene resrn a he P J ^^^^ 

as the superorrtrcal flurd. T 

..hstantlallv simultaneous!. -^.^^^ ^/J ^J^^, 

poivpropviene ^ ^ ::::::i::ii;cate:poi.™er 

separate -PP-= ^ clav to loaded 

Teirf . ur.n, the e.trusron process, 
polypropylene rs 1. ^ ^^^^ ^^^^ ^ 

carbon drox.de - - " cyUnder at 

connected to a -^^J-; ....ure rn 

about 1700 psrg. The ^.^^ 
order to sufficiently mix the layere , . . ^ 

1 e resins The mixture is extruded at a 
polypropylene resins. r-.i^ius The mixture 

.,f„ve of about 200 degrees Celsius. 

temperature subiected to shear 

remains at these conaiti...=. - residence 

..e residence time of ^'^^^J , ... 
time of the mixture is maintained at between 
, ,,„.,es. Thereafter, the extrudate exits .ne 



and, ^hus , is irrir.ediaceli/ depressuri zed . As 
depressurizat ion occurs, heaomg is sicpped. 

V;hile che besc c^cde for iarr\'ing cue che 
mvenoion has been described m derail, inose larrnlia: 
v;ith che art: ro v;hich ohis mvenri^n relates v;ill 
recognize various alternative designs and erjcodirr.ent s 
practicing the invention as defined by the follcv;ing 
claims . 
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